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SUMMARY.
The cognitive learning style theory of field dependence and independence was used to examine the academic achievement of students using a computer assisted instruction (CAI) program in a woody plant identification course. The Group Embedded Figures Test (GEFT) was used to determine the students' level of field dependence and independence. Students were blocked and randomly assigned to experimental or control groups. Participants in the experimental group used a nonlinear drill and tutorial type of CAI program as a partial laboratory substitute. The CAI program had no influence relative to traditional laboratories upon either field dependent or field independent students' long term memory of course material. However, the CAI program was of equal benefit to field dependent and independent students' academic achievement. Qualitative interviews were also conducted to assess the effect of the CAI program. Data indicated that field dependent students benefited from the CAI program as a presentation source of recall cues in the reviewing of course material, but not for the initial acquisition of knowledge. Field independent students may be able to use the CAI program to initially acquire knowledge, but its best usage may be as a method of presenting recall cues to refresh their memory. These results showed that the CAI program could be used as a partial laboratory substitute for traditional woody plant identification laboratories with no adverse effect upon student academic achievement, regardless of their level of field dependency. W oody plant identification is a highly visual, handson area of study. Students must learn a variety of features to correctly identify a plant at different times of the year. Subtle variances in each plant's characteristics adds to the difficulty of learning the information. Woody plant materials need to be presented on a repetitive basis for students to learn, automatically recall and correctly identify.
The time honored instructional methods of woody plant identification are outdoor laboratories supplemented with cut indoor specimens. Outdoor laboratories are time consuming and are primarily used to present new plants to the students each week, with continuing review of previous material. Outdoor laboratories are also subject to inclement weather and daylight hours. Cut indoor specimens require laboratory space, need frequent refreshing and require a great amount of time to collect. Furthermore, these traditional instructional methods may not provide an optimal learning environment for all students.
Not all students learn in the same manner. Individuality plays a major role in how a student learns, and certain patterns of learning behavior may be observed with each individual (Cox et al., 1988) . Furthermore, cognitive learning styles are critical in how students respond to information. Ultimately, the primary objective of education is to enhance the learning and development of all students through their unique differences.
Cognitive learning styles have great implications for the educational process (Sternberg and Grigorenko, 1997) and are best described as the modes in which students approach, acquire, organize and process information. They are the consistent manner in which an individual perceives and carries out intellectual activities and they include areas such as how a student memorizes and retrieves information (Witkin et al., 1971; Witkin and Goodenough, 1981) . These cognitive learning style differences are important for educators to understand and act upon in this age of technological advancement when instructional delivery formats are rapidly changing (Bork, 1997) .
The use of computer assisted instruction (CAI) programs in higher education coursework has received much attention in the past several years. CAI has the potential to facilitate and supplement individual learning in a manner unlike any other educational media (Piemme, 1988) . In the early 1990s, the field of agriculture, which includes horticulture, began to develop and implement more CAI programs to be used in coursework (Johnson and Oltenacu, 1991) .
CAI may be a viable instructional method for teaching woody plant identification to students (Shaw, 1993; Seiler et al., 1996) and can provide students the unlimited ability to see and review plant specimens at their convenience. Students could also view a greater number of plants in less time than in a traditional laboratory setting. Research has shown that drill and tutorial types of CAI programs have great potential in presenting information (Alessi and Trollip, 1991) .
Unfortunately, and unintentionally, many CAI programs have neglected cognitive learning styles and the processes of how students learn (Pillay, 1998) . Clearly, the danger is in assuming that student learning, regardless of cognitive learning style, will be enhanced by CAI. The recognition that individuals have differing cognitive learning styles has become an important factor in the development and usage of CAI programs (Billings and Cobb, 1992; Pillay, 1998) . Further examination of how information is delivered and processed in CAI programs needs to be undertaken in order to ensure that students of various cognitive learning styles are receiving the full benefits of such programs (Hedberg et al., 1993; Ross and Schulz, 1999) .
The objectives of this study were to investigate differences between the academic achievement of field dependent and field independent students with and without the use of a CAI program on woody plant identification. The CAI program was used in this study as a required partial substitution for traditional laboratory instructional delivery and as an elective supplement to lectures.
Field dependence and independence
Among the most substantiated of cognitive learning style theories are Kolb's (1984) experiential learning theory, Gregorc's (1982) learning style delineator and the theory of field dependence and independence (Witkin et al., 1971) . Of all these theories, field dependence and independence is one of the most heavily researched (Witkin and Goodenough, 1981) . In addition, the field dependent and independent cognitive learning style may provide the greatest amount of potential for exploring educational issues (Luk, 1998) .
Field dependence and independence is typically assessed through the group embedded figures test (GEFT). How a person responds to the GEFT clearly indicates their general tendencies in learning, perceiving, and understanding the world (Witkin et al., 1971) . The GEFT is a visual test whereby, the individual is shown a simple geometric figure, and is then shown a more complex geometric figure that has within it the simple form. The object is for the individual to find, or disembed, the simple geometric figure from within the more complex geometric figure. The student's ability to disembed the simple figure without being distracted by the complex figure indicates the degree to which the individual is field dependent or field independent. The GEFT has a total of 18 problems, with each solved correctly scored as 1 = incorrect or unsolved problems are scored as 0 (Witkin et al., 1971) . A high score is judged as being field independent; the national average score on the GEFT is 13.2.
An examination of the literature of field dependence and independence reveals the following generalizations. Field dependent students rely mostly upon external guidance for learning and take the organization of a field of knowledge as a given; they favor a structured learning environment and are motivated to demonstrate or explain the concept to be learned and its significance to other people. Furthermore, field dependent learners are more deliberate and passive when learning and do not thrive on classroom competition (Witkin et al., 1977) .
Field independent individuals take a more individualized approach when engaging in cognitive activities and they structure information according to their needs. These students prefer to analyze and discover how a concept is useful to them. Field independent students are also likely to use mnemonic devices for information storage and recall. Field independents are highly active processors of acquiring information and enjoy competition in learning environments. (Abouserie et al., 1992; Burwell, 1991; Witkin et al., 1977) . In addition, field independent students typically have better analytical and restructuring skills than field dependent students (Witkin et al., 1977) . Readers interested in a detailed description of field dependence and independence are directed to Wapner and Demick (1991) , Witkin and Goodenough (1981) , Witkin et al. (1977) , and Witkin et al. (1971) .
Materials and methods
DESCRIPTION OF CAI PROGRAM. Academic achievement differences were studied between field dependent and independent students who used a CAI program called UIPLANTS. The program was designed to assist students in identifying and learning ornamental and cultural requirements of landscape trees and shrubs. UIPLANTS has >7000 color images with accompanying text descriptions. Visual images of each plant included leaf, bud, stem, bark, flower, fruit, habit and fall color characteristics in addition to cultural requirements. Special features included customized slide shows, side-by-side image comparisons and a self quiz.
The slide show feature allows students to view all of the images of any selected genus or group of plants without the text. Images of the selected features of each plant can be presented in the order that the student desires with a variable image display time. The sideby-side comparison allows adjacent viewing of any two images within the program. In the self quiz, students may test their knowledge by typing in the name of the image that is presented on the computer screen. The students can navigate backwards, forwards and randomly through the program. The program is a nonlinear, drill and tutorial type of CAI package.
SAMPLE. The 1996 and 1997 fall semester classes of a woody plant identification, culture and usage course were selected for evaluation over the entire fall semester. Due to different quiz material, the two classes were evaluated as separate experiments. Classification of the students' cognitive learning style was determined by the GEFT (Witkin et al., 1971) , which was administered on the first day of class to 56 students in 1996 and 63 students in 1997. The students were blocked by cognitive learning style and randomly selected for either the treatment or control groups.
All subjects attended lectures, labs and had a required text book available to them. The treatment group used the UIPLANTS computer program for the first 30 min of a 2-h lab once a week. The last 1 h and 30 min were spent in a traditional woody plant identification class setting. The treatment group could also use the CAI program at any other time during the day, evening or weekend. Furthermore, it was entirely up to the participating students to use the program features as they saw fit. The control group received the traditional instructional methods for the course and did not have access to the UIPLANTS program. All of the students were volunteers who had the option of not participating in the study. The students were free to exercise their nonparticipation option at any time during the research. These procedures were followed for both the 1996 and 1997 classes.
STUDENT ACHIEVEMENT. Students were expected to learn to identify 165 trees and shrubs, using a variety of plant features. In addition, they were also expected to learn the primary ornamental and cultural characteristics of approximately 300 plants over the duration of a semester. Identification features were taught in a series of weekly laboratories which illustrated ornamen-tal and cultural characteristics in a slidelecture format. Student academic achievement was determined through a series of cumulative quizzes that covered the plant identification portion of the material. Approximately three weeks separated each quiz.
DATA COLLECTED. Data were gathered for each participating student on their GEFT scores, a test of prior knowledge, the amount of time each student in the experimental group used the CAI program outside of class, plant identification quiz scores and grade point average (GPA). After scoring of the GEFT, students who scored 14 and above were identified as field independent; those identified as field dependent scored 13 and below.
In an additional data analysis, students were quartiled with those that had GEFT scores in the lower quartile being identified as field dependent and the students in the top quartile designated as field independent. Students who comprised the middle 50% were filtered out. This strategy examined students who exhibited the greatest tendencies of being either field dependent or field independent.
In a separate but concurrently running study, students were interviewed using qualitative research methods concerning field dependent and independent conceptualizations of how they preferred to learn (Kahtz and Kling, 1999) . Results from that research will be used to aide in the interpretation of the quantitative results.
Three-way analysis of covariance (3x ANCOVA) was used to analyze the data (SPSS, 1997 
Results and discussion
Students demonstrated no significant level of prior knowledge of the course content in either the 1996 or 1997 classes. The amount of time each student utilized the CAI program outside of class had no significant effect upon their quiz scores (Data not shown). However, a significant effect of GPA did occur and it was used as the covariate in this research to control for ability and or student motivation. Results were the same if a cutoff of 14 on the GEFT was used to describe the students as either field dependent or field independent or if the data were quartiled. Due to the statistical levels of significance being identical for each year, only the 1997 class statistics are presented.
For both participating years, the main effect of quiz was significant at the p < 0.01 level (Table 1) . For both years the main effects of cognitive style and treatment were nonsignificant as were the three-way interactions. All two-way interactions for both participating classes were also nonsignificant.
The predominance of field independent students in this study (Table 2) is not surprising since cognitive learning styles may also play a role in college major selection (Witkin et al., 1977) . Individuals who are field dependent generally will select disciplines that are socially oriented and in which analytical and restructuring abilities are not considered of great importance, for example, social work and education (Witkin and Goodenough, 1981) . In contrast, field independent individuals are likely to select disciplines such as math and the sciences that require the use of analytical and restructuring skills.
Three-way ANCOVA showed that the resulting mean quiz 3 scores for both years were significantly lower than quiz 1 and 2 scores (Table 2 ). This may be attributable to when quiz 3 was administered, which for both classes, was within 1 week after the students returned from a semester break. Given the drop in the quiz 3 means from quiz 1 and 2 it may be assumed that the CAI program had no differential influence upon field dependent or field independent students' long term memory.
The two-way and three-way interactions for either of the participating classes were not significant, indicating that the CAI program was of equal benefit to both field dependent and field independent students using the program (Table 1) . Therefore, the recall cues students need to identify plant specimens on the quizzes may indeed be the same as those seen when the plants were initially introduced. Frank (1983) suggests that there is no difference between field dependent and field independent students when the retrieval cue is the same as the information stimuli at the initial presentation of material. This research demonstrated that the UIPLANTS program can successfully serve as a partial substitute for traditional woody plant identification laboratories with no detrimental effect on student achievement, regardless of cognitive learning style.
If students are learning in a manner that is consistent with their cognitive learning style, their academic achievement can be influenced. Recent research has shown the following (Kahtz and Kling, 1999) . Field dependent students preferred a discussion format in both laboratory and lecture and felt there was no additional benefit from using this nonlinear drill and tutorial type of program. However, they suggested that a more positive influence might occur if the program were more structured, or if structured guidance were provided for them while using this CAI program. It may be concluded that field dependent students do not believe they benefit from a CAI program, such as UIPLANTS, as compared to traditional woody plant identification laboratories. However, field dependent students realized the value of using UIPLANTS for review purposes, but not for the initial acquisition of knowledge. Abouserie et al. (1992) reported that students favored CAI as a supplemental form of educational media, but not as a substitute for other forms of instruction.
Field independent students preferred a traditional woody plant identification laboratory and lecture to using UIPLANTS. Although they viewed this CAI program as a beneficial study tool, they viewed it as supplementary only. And, although field independent students are capable of providing their own structure, they felt that additional instructor-directed structure may increase the program's utility for their learning. Although field independent students may use the program to initially acquire information, its best usage may be to present recall cues to refresh learning.
Based on similar responses from field dependent and independent students, one advantage of UIPLANTS is its year-round versatility for study. The ability to view, for example, the leaves of a deciduous plant in winter may be useful for memory retention of the course material. In addition, access to this type of information is unmatched during inclement weather. This CAI program was designed to serve as a supplement to the traditional lecture and laboratory delivery of subject matter. Results revealed that the students agreed with the intended usage of UIPLANTS and that it did serve that purpose.
This study was a first step in attempting to assess the effect of such a CAI program. It is advantageous that this study took place over an entire semester and with two different intact classes. Due to this, the long term effects of using this CAI program could be examined in depth. The next step in examining this program would be to implement an even greater amount of CAI time usage by the students in an experimental group.
Structural computer design elements that affect the learning of students with different cognitive learning styles needs to be investigated further. It is important to investigate the instructional implementation of this type of CAI program into the visual environment of a woody plant identification course with students of varying cognitive learning styles. As technology continues to advance, educators must pursue ways to increase the effectiveness of CAI programs for students of all cognitive learning styles. 
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